Patients' memories of intensive care have been investigated in patients admitted to general [1] [2] [3] [4] and medical [5] intensive care units (ICUs), especially in relation to artificial ventilation [1, 6] and sedation [7] [8] [9] . However, the way in which the various studies investigated recollections was not consistent, making comparisons difficult and unclear or even impossible. Therefore, a new and specific instrument with which to assess patients' memories of their ICU stay (ICU Memory [ICUM] tool) was developed and validated by Jones and coworkers [10] in the UK. In a subsequent study the same authors, using the ICUM in 45 patients who were ventilated APACHE = Acute Physiology and Chronic Health Evaluation; ICU = intensive care unit; ICUM = Intensive Care Unit Memory (tool); SAPS = Simplified Acute Physiology Score.
Introduction
Patients' memories of intensive care have been investigated in patients admitted to general [1] [2] [3] [4] and medical [5] intensive care units (ICUs), especially in relation to artificial ventilation [1, 6] and sedation [7] [8] [9] . However, the way in which the various studies investigated recollections was not consistent, making comparisons difficult and unclear or even impossible. Therefore, a new and specific instrument with which to assess patients' memories of their ICU stay (ICU Memoryand stayed in the ICU for at least 24 hours, demonstrated the impact of memories on development of psychological morbidity after discharge from the ICU [11] .
If one is to use an instrument in different countries, in order to compare research data, then it is necessary not only to translate it [12] but also to validate it. However, a formal psychometric approach in the validation of this type of questionnaire could be misleading because of the lack of clearly related domains or dimensions. Therefore, the ICUM tool should be viewed as an instrument that can classify patients' memories of their ICU stay, and therefore allows relationships between memories and clinical information to be identified.
The aims of the present study were to assess patients' memories of their stay in the ICU, using the Italian version of the ICUM tool, over time, and to examine the relationship between memory and duration of ICU stay and infection.
Patients and method
The study was conducted in a four-bed mixed (surgical and medical) ICU in a 904-bed university hospital. At the time of study, there were 24 additional adult ICU beds in the hospital. The ICU in which the study was performed serves thoracic, vascular and high-risk abdominal surgery patients and medical ward patients of the hospital.
All patients (aged > 18 years) consecutively admitted in 2000, who stayed in the ICU for at least 3 days and were discharged alive from the ICU, were eligible. The local ethics committee approved the study, and informed consent was obtained from all patients.
During the period of study, 235 patients were admitted to the ICU. Of those, 95 stayed in the ICU for less than 3 calendar days and 19 died in the ICU. Of the remaining 121 patients discharged alive from the ICU, 15 died in hospital before the interview. Three patients, who had a short ICU stay but were readmitted to the ICU for longer than 3 days, were included at the time of second ICU discharge. Therefore, 109 patients were eligible for inclusion in the study.
For each patient the following data were recorded at ICU admission: type of ICU admission (scheduled or emergent), Acute Physiology and Chronic Health Evaluation (APACHE) II score [13] and Simplified Acute Physiology Score (SAPS) II [14] . In addition, past medical history was recorded, including smoking, use of alcohol and sedatives, and arterial hypertension (defined as a history of systolic blood pressure ≥ 160 mmHg and/or diastolic blood pressure ≥ 95 mmHg, treated or untreated). Also recorded were clinical variables during the ICU stay, including reason for ICU admission, presence of infection or sepsis, maximal body temperature (°C) during ICU stay, duration of mechanical ventilation, and administration of corticosteroids, analgesic and sedative drugs. Morphine was considered an analgesic; propofol, benzodiazepines and neuroleptics (haloperidol and promazine) were considered sedative drugs.
At ICU discharge the physician informed the patient about the study. For each patient who gave informed consent, before hospital discharge, usually 1 week after ICU discharge, the physician participating in the study went to the ward to which the patient had been transferred and administered the ICUM tool (first interview) [10] . Three months later, the ICUM tool was administered again, by phone and by the same physician who administered the questionnaire the first time (second interview). Face-to-face administration of the questionnaire was chosen for the first interview to increase the response rate, whereas telephone administration was chosen for the second interview so that patients did not need to come back to the hospital. In comparison with self-administered, mailed questionnaires, face-to-face and telephone interviews prevent misunderstanding and items from being missed [15] .
Of the 109 patients eligible for the study, three did not give consent for the study and 13 were discharged from the hospital before administration of the questionnaire. Therefore, 93 first interviews (i.e. during the hospital stay) were performed. At the first interview, six out of 93 patients were confused and unable to answer. Therefore, first interview data from 87 patients were evaluable. Twenty of those patients who underwent the first interview were not interviewed at 3 months: four patients died during the interval between interviews; five were lost to follow-up; three were hospitalized elsewhere; three patients were terminally ill or too sick to be interviewed; three could not hear sufficiently well to undergo the telephone interview; and two refused to participate further in the study. Therefore, the second interview was administered to 67 patients. A flow diagram of patient enrolment and questionnaire administration is presented in Fig. 1 .
The ICUM tool [10] consists of items that investigate the patient's recollections before ICU admission and while they are in the ICU. It also includes two items to determine whether post-traumatic stress disorder related symptoms are present. The items included in the ICUM tool are summarized in Table 1 .
The ICUM tool [10] was translated and back-translated in Italian by bilingual researchers, namely native Italian-speaking medical doctors who can also speak English, and native English-speaking teachers who can also speak Italian. There were two meetings with the translators. In the first, the Italian translation of the ICUM tool was back-translated into English and compared with the original version by critically examining, item by item, the linguistic accuracy; the Italian version was then modified accordingly. The new Italian version was then independently back-translated by a second native Englishspeaking teacher and again compared with the original version to arrive at the final version of the instrument, which was used in the study (see Appendix 1) . (Note that the original, English language version of the instrument is available in full in the report by Jones and coworkers [10] .)
Analysis of the Intensive Care Unit Memory questionnaire
To examine the extent to which individual items in a domain appear to measure the same underlying attribute, the internal consistency is usually analyzed using Cronbach's α coefficient [16] . Nevertheless, ICUM is not a true summed rating scale and involves multiple dimensions, which may not logically be added together to yield a total score. Also the single items of the ICUM devoted to assessment of factual events, feelings and delusional memories are not interrelated in such a way that they may be considered part of a single domain. Cronbach's α was therefore not considered.
The stability of memories over time was analyzed in the 67 patients who underwent two interviews. The minimum sample size corresponding to an α error of 0.01 and a power of 0.95, considering that a correlation coefficient greater than 0.60 was expected, is 41.
To test the value of the ICUM tool [15] , the relationship between the presence of clear memories, as assessed using the ICUM tool, and duration of stay in the ICU was analyzed. A lengthy stay in the ICU indicates a serious and prolonged illness, which has been demonstrated to be associated with delirium in a high proportion of patients, even in a relatively young population [17] . In turn, delirium is a clinical condition that influences memory [18] and causes distressing recollections [19] . Thus, it was predicted that lack of a clear memory of ICU stay should correlate with a prolonged ICU stay. A second prediction was that patients with infection would have more delusional memories that those without, because infection is the most frequent cause of encephalopathy [20, 21] .
Statistical analysis
Data are expressed as mean ± standard deviation, unless indicated otherwise. Numerical variables with ordered categories and the severity scores SAPS II and APACHE II are described as median and interquartile range (25th and 75th percentiles). Statistical analyses were conducted using a software package (SPSS 8.0; SPSS Inc., Chicago, IL, USA) and P < 0.05 was considered statistically significant. Analysis of variance was used for Normally distributed continuous variables; Mann-Whitney U-test was used for variables in ordered categories and χ 2 statistics, or Fisher's exact test when appropriate, were used for categorical data. What do you remember? (A checklist of 11 factual events, six feelings and four delusional memories to increase recall of ICU stay is included; see Table 3)  5 Do you remember being transferred from intensive care to the general wards?
Identify PTSD-related 6 Have you had any unexplained feelings of panic or apprehension? symptoms 7 Have you had any intrusive memories from your time in hospital or of the event that led to your admission?
PTSD, post-traumatic stress disorder.
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The stability of memories was assessed using Kappa (κ) statistics, which were weighted when the item allowed more than two categories [22] . Kappa statistics were preferred over intraclass correlation coefficient, bearing in mind that memories fall into ordered categories rather than a numerical range. Kappa is a measure rather than a test: κ values equal to 1 indicate perfect agreement and those greater than 0.75 indicate excellent agreement; κ values under 0.4 suggest poor concordance.
Results
Demographic and clinical data (APACHE II, SAPS II, type of ICU admission, and durations of mechanical ventilation and ICU stay) of the patients who were interviewed (n = 93) and those who were not interviewed (n = 16) did not exhibit any statistically significant difference. The general characteristics and the reasons for ICU admission of patients participating in the study are summarized in Table 2 .
Kappa values, assessing the stability of memories over time in the 67 patients who underwent both interviews, are reported in Table 3 . Among memories of factual events, ward rounds, darkness and alarms were remembered at the second interview by 84%, 44% and 88%, respectively, of patients who remembered the same item at the first interview. The same recollections were reported at the second interview by 33%, 7% and 42%, respectively, of the patients who did not report them at the first interview. Feelings of panic (the feeling memory with the lowest κ value) were reported at the second interview by one of the two patients who remembered it at the first interview, and by two of the 65 who did not remember it at the first interview.
Of the 87 patients who underwent the first interview, those who reported that they did not remember their ICU stay clearly (n = 62) were compared with those who reported that they did (n = 25; Table 4 ). Those with no memory of the ICU were more frequently admitted to the ICU urgently and had significantly longer durations of ICU stay and mechanical ventilation than did those who remembered the ICU. Thirty-three patients (53%) without a clear memory of the ICU and seven patients (28%) with a clear memory of the ICU reported delusional memories. In the patients with a clear memory of the ICU, the number of memories of factual events was higher and that of delusional memories lower than in the patients without a clear memory of the ICU.
The patients with infection at any time during their ICU stay (Table 5 ) appeared to be significantly younger, to be more Available online http://ccforum.com/content/8/1/R48 frequently admitted to ICU urgently, and to have greater SAPS II scores than did those without infection. Also, the maximum temperature recorded during the ICU stay was greater, and the durations of both mechanical ventilation and ICU stay were longer in the patients with infection than in those without it. Infected patients reported significantly more feelings and delusional memories than did those without infection. Seventeen out of 49 patients without infection (35%) had one or two delusional memories, and 23 out of 38 patients with infection (60%) had one to four delusional memories (P = 0.029). Moreover, 33 out of 49 patients without infection (67%) had one or two feeling memories, and 32 out of 38 patients with infection (84%) had one to four feeling memories.
Discussion
The present study demonstrates three facts. First, delusional memories are the most persistent over time, followed by feeling memories, whereas only some memories of factual events were stable. Second, the patients without a clear memory of the ICU and the patients with infection reported a greater number of delusional memories than did those with a clear memory of the ICU and those without infection, respectively. Third, the ICUM instrument is of value in a setting and language different from those in which it was created and used [10, 11] .
The ICUM instrument was translated according to rules indicated in the literature [12] and it was administered face to face when patients were in hospital and by telephone at follow up. As a result, the percentage of patients who missed the first questionnaire administration was low (15%). Moreover, the characteristics of the patients who underwent and those who missed the first interview were not significantly different.
In comparison with the original study conducted to validate the ICUM tool [10] , our sample of patients was different with respect to sex (males being 60% versus 44%) and median age (being higher: 69 years versus 57 years). These differences in the ICU populations strengthen the results of the present study.
The stability of all delusional memories over time, demonstrated by a minimum κ value of 0.68, appeared to be impressive, but also some factual events (breathing tube, tube in the nose and suctioning) and feelings (pain, feeling confused and feeling down) were persistent. On the other hand, analyses of single items with κ value below 0.4 suggested a change over time. During the 3-month interval between the two interviews, the patients tended to forget darkness and to remember ward rounds and alarms. It is possible that these memories were 
R53
influenced by the information received by others (family, friends), or that patients 1 week after ICU discharge were not thinking as clearly as they were 3 months later. The stability of delusional memories in the present study is in accordance with the findings reported by Jones and coworkers [11] , who hypothesized that these memories may be related to posttraumatic stress disorder related symptoms.
The patients without a clear memory of the ICU had significantly longer durations of ICU stay and mechanical ventilation than did those who did have such a recollection. The finding that the number of factual memories was different between the patients without and those with a clear memory of the ICU is consistent with the general lack of clear memory. It could have been influenced by the more frequent use of propofol in the patients without a clear memory of the ICU than in those with such a memory because this drug has been reported to cause profound amnesia [23] . However, this is only speculative because the small number of patients who were sedated in the present study and the concomitant effect of many drugs administered do not allow conclusions to be drawn. On the other hand, the fact that delusional memories were more frequent in the group of patients without a memory of the ICU is consistent with the more frequent use of neuroleptics as agents of choice for treatment of delirium [24, 25] .
The significantly different number of delusional memories reported between patients with and those without infection confirms the theoretical prediction that patients with infection should have more delusional memories than those without infection.
Conclusion
In conclusion, the present study demonstrates that the ICUM tool may be of value in a language and a country different from those in which it was created, and in an ICU population with demographic characteristics that differ from those of the original sample. More importantly, delusional memories, as classified by the instrument, appear to be the most persistent recollections and are frequently associated both with lack of clear memory of the ICU stay and with the presence of infecAvailable online http://ccforum.com/content/8/1/R48 
Key messages
• Delusional memories are the most persistent over time
• Patients without a clear memory of the ICU and those with infection reported a greater number of delusional memories than did those with a clear memory of the ICU and those without infection, respectively
• The ICUM instrument is of value in a setting and language different from that in which it was created and used
